The N2pc component of the event-related potential is a momentby-moment index of the deployment of visual-spatial attention. It is not clear whether the N2pc re£ects pure top-down attentional activity or a positive interaction of top-down activity with bottom-up sensory activity. Here, we presented a bilateral visual display containing a target and a distractor for a duration of 50, 200, or 350 ms.The N2pc was smaller for the 350 ms duration than for the two shorter durations.These results go against the hypothesis that the N2pc re£ects a long-lasting positive interaction of topdown and bottom-up activity, which would have predicted a larger N2pc as stimulus duration increased. Theoretical and practical implications of the results are discussed. NeuroReport 18:1163^1166
Introduction
Event-related potential (ERP) waveforms are sequences of positive and negative voltage deflections (referred to as peaks or components) extracted from noninvasive, electroencephalogram (EEG) recordings using electrodes on the scalp of human participants, often while they perform cognitive tasks. The amplitude and latency of ERP components provide precise measures of distinct covert cognitive processes interposed between the stimulus onset and the overt response. The ERP component of focus in this study is called N2pc (N2 posterior contralateral) [1] [2] [3] . The N2pc is a lateralized ERP component that is maximal at posterior electrode sites contralateral to an attended item, and is isolated by subtracting activity at ipsilateral electrode sites from the corresponding activity at contralateral electrode sites (e.g. PO7/PO8). The N2pc typically starts at about 180 ms after target onset and lasts for about 100 ms. It is widely accepted that the N2pc is a valid index of covert visual-spatial attention in light of several results reviewed by Woodman and Luck [4] , and has been widely used in the study of visual-spatial attention. For example, the N2pc has been used as a tool to investigate serial deployment of attention in visual search [4] , attentional capture [5, 6] , dualtask interference in the context of the attentional blink [7] [8] [9] and of the psychological refractory period [10, 11] , change detection [12] , and the interdependence of spatial attention and lexical access [13] . Ongoing debates, however, exist on the specific processes that underlie the N2pc. For example, Luck and his colleagues [1, 3] have suggested that the N2pc reflected distractor suppression processes whereas others have argued that the N2pc reflected target enhancement processes [2] .
The amplitude of the N2pc component has been shown to increase in the presence of nearby distractors [3] . Luck and his colleagues interpreted this latter effect as evidence in support of the notion that the N2pc reflects a process involved in the suppression of activity produced by distractors that could compete with activity produced by the target. Another view, however, would be that the N2pc reflects an interaction between bottom-up activity associated with stimuli in an attended region, and a top-down modulation of the sensory response of the cells with receptive fields in the attended region. In this view, attention would modulate the gain-control settings of cells in the sensory cortex [14] . Changes in local gain control would affect processing of targets and distractors alike, such that adding stimuli in the attended region would increase the bottom-up signal, increase the total number of activated cells, and thus lead to a larger net signal when compared with activity generated in the opposite hemifield that did not benefit from a higher gain-control setting. This could explain why adding distractors near the attended region could increase the amplitude of the N2pc. Rather than suppressing the activity of distractors, it is possible that attention actually increased the downstream activity produced by distractors (as well as the target). The N2pc would reflect a weighted sum of activity produced by the target and distractors in an attended region. The gain-control setting weights may be higher at the center of the attended region and lower with increasing distance, which would boost the target signal more than the distractor signals, and produce a net gain in terms of signal-to-noise ratio.
At the core of the foregoing ideas is the notion that the N2pc might reflect an interaction between a top-down attentional signal that controls the local gain settings of cells in the extrastriate visual cortex and a bottom-up signal produced by the presentation of a stimulus within the region affected by the attentional top-down signals. In this article we explored this possible interaction by varying the duration of the bottom-up signal by varying stimulus duration. We reasoned that a longer stimulus duration would provide a longer period of sustained activity in the early visual cortex, which would provide a longer period of time during which bottom-up signals could be modulated by attentionally modulated gain-control settings. This would lead to the prediction that the amplitude of the N2pc should increase with increasing stimulus duration. On the other hand, the precise durations and rates of firing of cells in the visual system where N2pc originates, as a function of stimulus duration, which likely have some degree of persistence, are unknown. Thus, we consider our study as an initial exploration of the possible effects of stimulus duration on the N2pc. Given the usefulness of the N2pc in the study of the deployment of visual-spatial attention, it is of practical importance to discover whether the amplitude of the N2pc varies as a function of stimulus duration in such studies. In visual search studies, stimuli are often presented for a long period of time. In many studies of attention, however, stimuli are presented briefly to prevent eye movements to the target. Given that effects of stimulus duration on the N2pc are essentially unknown, this makes it difficult to compare results across different types of experiments.
Methods
Participants Fifteen paid volunteers (13 women), aged 19-27 years (mean age: 22 years), participated in this experiment. All participants were neurologically intact and reported normal or corrected-to-normal visual acuity and color vision. Written consent was obtained from each participant at the beginning of the experiment. The procedure was vetted by the appropriate ethics committee at the Université de Montréal.
Stimuli
Participants were seated in a dimly lit, electrically shielded room, facing a computer screen, at a viewing distance of 57 cm. A bilateral display containing one uppercase letter (A, B, C, or D) and one digit (1, 2, 3, or 4) was presented for 50, 200, or 350 ms on a dark-gray background (Fig. 1) . The horizontal distance of each stimulus from the central fixation point was 31. Each stimulus subtended a visual angle of 1.21 Â 1.11. One stimulus was red (18.5 cd/m 2 ) and the other was green (19.7 cd/m 2 ). The target was defined as the red stimulus for eight participants and the green stimulus for the other seven participants. The targets were uppercase letters for nine participants and digits for the other six participants. The target appeared randomly to the left or right of the fixation point.
Procedure
Each participant performed one practice block of 48 trials followed by 14 A speeded two-choice response to the identity of the target was required. If targets were letters, 'A' and 'B' were mapped to one response key and 'C' and 'D' were mapped to another key. If targets were digits, '1' and '2' were mapped to one key and '3' and '4' were mapped to another key. Nine participants pressed [Z] with the left index if they identified an 'A' or a 'B' (or a '1' or a '2') and pressed [,] with the right index if they identified a 'C' or a 'D' (or a '3' or a '4') and mapping was reversed for the other 6 participants. The fixation point disappeared when the response was given and a blank screen remained for a randomized period of 1000-1500 ms, after which time the feedback symbol appeared. Participants were instructed to maintain central eye fixation throughout the trial and blink only when the feedback was on the screen.
Electrophysiological recording and analysis
A BioSemi ActiveTwo system (BioSemi Inc., Amsterdam, The Netherlands) was used to record the EEG from 64 active Ag/AgCl electrodes mounted on an elastic cap and referenced to the average of the left and right mastoids. Electrodes were placed according to the international 10/10 system. The horizontal electrooculogram, which records the voltage difference between electrodes placed lateral to the external canthi, was used to measure horizontal eye movements. The vertical electrooculogram, which records the voltage difference between two electrodes placed above and below the left eye, was used to detect eye blinks. A lowpass filter of 40 Hz was applied and the EEG and electrooculogram signals, digitized at 256 Hz, were averaged offline.
Trials with eye blinks (vertical electrooculogram4100 mV), large horizontal eye movements (horizontal electrooculogram435 mV), and/or artefacts at electrode sites of interest (i.e. 4100 mV at O1, O2, PO7, PO8, P7, and/or P8 electrode sites) were rejected. Moreover, only trials with a correct response between 100 and 900 ms were analyzed. An average of at least 80% of trials remained after artefact rejection in all three duration conditions. None of the participants had residual eye movements that deviated more then 0.21 (i.e. horizontal electrooculogram43.2 mV) towards the target after rejection criteria was applied. (The horizontal criterian was lowered to 30 mV for two participants and to 20 mV for two other participants so that the residual would be less than 3.2 mV) [15] .
The EEG was averaged starting 200 ms before the visual display onset and ending 500 ms after visual display onset, and baseline corrected on the basis of the 200 ms predisplay period. A pool of the posterior O1, O2, PO7, PO8, P7, and P8 electrodes where the N2pc is usually observed was used to increase the stability of the N2pc waveforms. The N2pc measurements were obtained from the contralateral (average of left-sided electrode with right-visual field target and right-sided electrode with left-visual field target) minus ipsilateral (average of left-sided electrode with left-visual field target and right-sided electrode with right-visual field target) difference waves. In these difference waves, a negative deflection corresponds to a greater negativity over the hemisphere contralateral to the target.
Results

Behavioral results
Only trials with correct responses between 100 and 900 ms were included in the reaction time (RT) analyses. RT and accuracy for all stimulus duration conditions are presented in Table 1 
Electrophysiology
The N2pc difference waves for the three stimulus duration conditions are shown in Fig. 2 . We initially submitted N2pc measurements (mean amplitude during the 180-260 ms postvisual display time window) to an analysis of variance in which target color (red or green) and target category (letter or digit) were included as between-subject factors, and stimulus duration was included as a within-subject factor. No main effect of target color or target category, or interactions including these between-subject factors were observed (all Ps40.22). 
Discussion
The goal of this experiment was to investigate the effect of stimulus duration on the N2pc. As can be seen in Fig. 2 , the N2pc was clearly present in all stimulus duration conditions. The N2pc, however, was smaller in the longest (350 ms) duration condition than in the shorter (50 and 200 ms) conditions. This result was not anticipated, given that the most likely pattern we expected would have been an increase in N2pc amplitude as stimulus duration increased, on the idea that a stimulus still present in the visual field would drive cortical cells more than one that had disappeared. A short-lasting interaction between topdown and bottom-up signals, which would decrease in intensity with time, and would be almost completed by 350 ms, could potentially explain the present results. It is also possible that the rapid arrival of an offset response, before, or at about the same time as the N2pc, for the two shorter stimulus durations, contributed to the larger N2pc at these durations relative to the N2pc for the longest duration (for which the offset response would occur after the N2pc time window). In this study, there was only one distractor in the opposite hemifield, and this differed from the target not only in color, but also in category. According to Luck et al.'s ambiguity theory [3] , these conditions should minimize the need to inhibit the distractor. The presence of a clear N2pc here therefore favors target enhancement as the underlying process indexed by the N2pc [2] .
These results have also practical implications. Previous N2pc studies have always used stimulus durations of more than 100 ms. It can, however, be useful to shorten the stimulus duration below 100 ms when studying attentional cueing, masking, or dual-task interference, for example. Indeed, the N2pc has important properties that make it an ideal tool to study dual-task interference [7] [8] [9] [10] [11] , including the very useful fact that the contralateral minus ipsilateral calculation used to isolate the N2pc eliminates overlapping activity produced by other signals (which are present in typical dual-task paradigms) [7] [8] [9] [10] [11] . These results suggest that variations in stimulus durations in the 50-200 ms range do not affect the N2pc.
Conclusion
The N2pc was clearly present in each stimulus duration condition. Its amplitude was similar for the 50 and 200 ms duration conditions, and somewhat reduced in the 350 ms duration condition. Therefore, durations in the 50-200 ms range can be used without concern in subsequent studies.
